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[57] ABSTRACT 

The present invention proYidcs a spatial light modulator 
comprising a photoconductor having a current rectifying 
function and a liquid crystal layer having an antifcrroelectric 
phase as a phase of the liquid crystal located between a pair 
of transparent electrodes, having a wide viewing angle and 
high-speed response, capable of r^oducing a light-input 
dynamic picture including half-tone display, and being 
stable and reliable. Moreover, a liquid crystal display device 
whidi can be downsized by con^srising a spatial light 
modulator, comprises a photoconductor having current rec- 
tifying function and a liquid ciystal layer having the anti- 
feiToelectric phase as a phase of the liquid crystal located 
between a pair of transparent electrodes, a display device to 
input light to the photoconductor and a power source to 
apply the driving voltage to the spatial light modulator can 
be provided. 

20 Claims, 13 Drawing Sheets 
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ANTI-FERROELECTRIC LIQUID CRYSTAL and the method of using a liquid crystal di^lay device are 

WITH BLACK DISPLAY IN ONE FRAME, prospective. lo the former case of the projection method 

WHITE IN OTHER AND RATIO GIVING using a cathode ray tube as the projecUon tube, there is a task 

GREY SCALE that high density and high resolution are inconipatible. 

5 Namely, in order to obtain a picture with high resoiutioo, the 

This application is a continuation of application Ser. No. electron beam should be reduced resulting in curbing the 

08/787324. filed Jan. 28. 1997. now abandoned, which is a luminance. In die latter case of the liquid crystal display 

continuation of application Scr. No. 08/431324. filed Apr. device using a device compdsing a thin film transistor and 

28. 1995, now abandoned. a liquid crystal for projection, there is the same technologi- 

10 cal task as the above-mentioned that realizing high density 
FIELD OF THE PRESENT INVENTION andhigh resolution results in the lowered numerical aperture 
The present invention relates to a spatial Ught modulator ***** luminance. A method having the advantages of Ihc both 
and a Uquid crystal display device which can be Mlied to methods has been proposed by Hughes Aircraft Co.. Ltd. as 
displaying a dynamic picture or a sUtic picture in a projcc *?*^if ^^"^ ^^""^ Application No. 
tion television set which displays a dynamic picture with 1387165/1978. The method provides a Ught-amplified out- 
high luminance in a large plane. P"* "^^^ F^iding a high resolution dynamic picture of 

a low luminance from the cathode ray tube to the light 

BACKGROUND OF THE INVENTION modulation element as the iiq)ut infomiation iiradiating the 

At- A * I ^- I J ' . . , reading light having a high luminance to the liquid crystal 

Auquiacrysiaiaispuyaevicecompnsmgauquido^^ ^ layer for modulation. Further, in order to achieve a hifih- 

q^jflcaUy compnsmg a nemaiic Uq"** crystal, has been response, we have proposed a Ught nKxhdation ete- 

p^act.caUyusedu.vanoi«landsofp,CKlucts.Howev^^ .im con^sing an PLC i^tie liquid Jystal layer a.d the 

the response of neinaiic liquid crysiak is slow. aocompUsh- cr^ dkplay device using the saJne. Also by using 

mgafasterspeedfor^^^ *e Ught-imagc ^rtong with PLC. we have found out the 

(hcrcmafter abbreviated PLC) can provule a response speed difiScult The ptojeclion 4^stem has an advantage of fanning 
l„^f«^° r"',- "p"^., ' applymg voltage due to „f ^ J^^^^^ ^ ,^ ^. J 

^^T. P^'Yi""""- rr*";. *r ^"""if^ viewini angleTharicterisUc of the PLC Further, by the 

combinationofthehighspcedresponsecharacteristicofttie 
^JJ^7.^t^^ JTT"L^^^^^ 30 PLC «.d a n«sw half-lon^lay method, accurate rcpro- 

^ f T "^"^^"i. '^^"J'^ '?«."^'J duction of the dynamic inuigcs j«.vidcd by the Ught kput 

TcZ^^/TAX.'^^"'^'t'Z^^^^'^ « cathode ray tube LlSLg ha/tone L b^ 

mClarketaLmAppl.Phys. Let, 36,899 in 1980, Japanese enabled, 

PSilent Application Laid Open Application No. 107216/ , . . , 

19S1. and U.S. Pat. No. 4.367,924. The method is named the « " pnnciple, the FLC has a spontaneous polarization and 

surface stabilizing mode and it is known that a Uquid crystal ™ modulaUon is controlled by fiie amount of the 

display devices using this method exhibits a memory func- ^^^^ maintained at the electrodes having the liquid 

Uon as weU as the high-speed response characteristics. Hie crystal feerebetween. Thus there was a problem that the FLC 

memory function enabled the two^dimentional display with "'^^^ responded to a change in the amount of the maintained 

an dement having a simple stnicture by a sinmie driving ^ Therefore reduction of the extra electric 

method However, since the indicated value of each pixel is ^^^^ necessary. Further, the FLC has a shortcoming that 

shown in the binary di^lay of black and white correspond- onentation can be easily disCTdcrcd by outside mechani- 

ing to the two stable orientations of the ferroelectric liquid ^ shock- 

aystal, it is very difficult to apply the method to a half-tone SUMMARY OF THE INVENTION 

display device such as a television miagc. Thcrcfoffc, meth- 43 

ods to achieve multi-gradation display by means of such as ^ order to solve the conventional problems, an objective 

area gradation by driving finely divided pixels, or time- present invention is to provide a stable and reliable 

shared drive have been discussed but such mediods have not spatial light modulator comprising a photoconductor and a 

realized a display of satisfactory quality. liquid crystal layer having a wide viewing angle and a 

A display device using an antifcirlelcctric Uquid crystal 50 hig*i-specd response, capable of reproducing the light-input 

(hereinafter abbreviated ALC) has been developed in place dynamic picture including half-tone display and a coirpaa 

«tf the FLC display device as disclosed in Chandani et aL in ^^^^ crystal display device comprising the spatial light 

Ipn. J. AppL Phys., 27, L729 in 1988. The display device modulator. 

utilizes switching among three states of the stable antifer- To solve th& above-mentioned problems, the spatial li^t 

roelectric state and two ferroelectric states generated by 55 modulator of the present invention con^ses a j^otocon- 

electric field incution. In the phase transition between the ductor having a current rectifying function and a liquid 

antifcrroelectric phase and the ferroelectric phase, the crystal layer having the antiferroelectric phase as a phase of 

threshold value is steep with respect to the amount of the ihe liquid crystal placed between a pair of transparent 

^lied voltage. Further, the device has a hysteresis diarac- electrodes. 

tcristic in terms of the optical characteristic to provide a ^ In the above-mentioned structure, it is preferable that a 

memory function preserving each of the ttiree states. The plurality of small metal thin films electrically isolated from 

ALC is expected to fffovide a liquid crystal display material each other are placed between the photoconductor and the 

to achieve the high speed response and a multi-value display. liquid crystal layer. 

In recent years, a dynamic picture display device realizing It is also preferable that the photoconductor comprises a 

hi^ density, high resolution and high luminance in a large 65 groove part in the portion not having the smaU m<^ thin 

image plane has been deskcd In order to achieve the device. films diereon. further having metal thin film at the bottom of 

both of the mediod of using conventional cathode ray lube the groove part 
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It is fiirtha preferable that the small metal thin films at the 
bottom of the groove part have insulatiag films undemeatfa. 

It is also preferable that a dielectric reflector con^xrising 
a multi-layer film of thin films having different dielectric 
constants is placed between the photooonductor and the 
liquid crystal layer. 

When iiradiating light to the photoconductor of the spatial 
light nxKlulator comprising a photoconductcr having a cur- 
rent rectifying function and a liquid crystal layer having die 
aotifeiroelectric phase as a i^ase state of the liquid aystal 
located between a pair of transparent electrodes in the spatial 
light modulator of the present invention* it is preferable to 
have a means to input light with a light intensity sufiBcient 
to provide a voltage sufficient to cause the phase transition 
from the aotifeiToelectric phase to the fenroelectric phase in 
the period in which the voltage is applied to the polarity 
reverse to the current rectifying characteristic of the photo- 
conductor. 

In the spatial light modulator of the present invention 
con^rising a photoccnductor having a cunent rectifying 
function and a liquid crystal layer having the antifcrroclec- 
trie phase located between a pair of transparent electrodes, 
it is preferable that the voltage applied between the trans- 
parent electrodes has a unit cycle coniprising the writing 
voluge period In which a voltage sufficient to cause phase 
transition of the liquid crystal layer from the antiferroelectric 
phase to the fciToelectric phase of the liquid crystal layer is 
applied to the polar reverse to the current rectifying char- 
acteristic of tiie photoconductc^ and the erasing voltage 
period in which a voltage sufficient to cause phase transition 
from the ferroelectric phase to the antiferroelectric phase of 
the liquid crystal layer is applied to the polarity forward to 
die current rectifying characteristic of die photoconductcM*. 

The liquid crystal display device of the i^sent invention 
coii^irises at least a spatial light modulator coinprising a 
photoconductor having a current rectifying function and a 
liquid crystal layer which has the antiferroelectric phase as 
a phase state of the liquid crystal placed between a pair of 
transparent electrodes, and a display deivicc to input light to 
the photoconductor and the power source to ^ly the 
driving voltage to the spatial light modulator. 

In die above-mentioned stiiicture, it is preferable to have 
a means to input light to provide the frequency of the driving 
voltage of the spatial light modulator which is greater than 
the display frequency of Ihc liquid crystal display device. 

In die above-mentioned structure, it is also preferable that 
the display device to input light is a liquid crystal display or 
a cathodray tube of thin film transistor drive. 

It is also preferable to locate a polarizing plate so that the 
liquid crystal orientation state to ^^y minimum reflection 
light intensity is the antiferroelectric phase when the Iineariy 
polarized light from the polarizing plate which is polarized 
to a certain direction is irradiated and incident on the liquid 
crystal layer of the spatial Ught modulator and the reflected 
light from the spatial light modulator is read via the polar- 
izing plate located to orient the reflected light o^ogonal to 
Ote polarizing plate. 

It is further preferable that the liquid crystal display 
device ci the present invention oonqirises a means <^ 
gradation display by die inaease of the ratio of the ferro- 
electric phase in the mixed phase of the antiferroelectric 
I^sc and the ferroelectric phase acceding to die inaease of 
the light intensity irradiated to die photoconduct<v. 

In the atxnre-mendoned structure, since the photoconduc- 
tor having the current rectifying function and the liquid 
crystal layer having the antiferroelectric phase as a state of 



4 

the liquid crystal are placed l>etween a pair of the transparent 
electrodes, a stable and reliable spaxlal Ught modulator 
having a wide viewing angle and a high-speed response, 
capable of reiHx>duciog the light-input dynamic picture 
5 including half-tone di^lay can be achieved The liquid 
crystal layer having the antifOToelcctric phase can be a 
liquid crystal layer mainly comprising an antiferroelectric 
liquid crystal or a liquid crystal layer having a mixed phase 
con^srising an antifcnoetectric phase and a fciroclectric 

10 P*"^- 

The voltage spp^ed t>etween the transparent electrodes 
has a unit cycle in driving comprising the writing voltage 
period in which a ventage sufficient to cause phase transition 
from the antifcnoelectric phase to the ferroelectric phase of 

^ J the liquid crystal layer is applied to the polar reverse to the 
current rectifying characteristic of the photoconductor and 
the erasing voltage period in which a voltage sufficient to 
cause phase transition from the ferroelectric phase to the 
andfeiToelectric (Aase of the liquid crystal layex is applied to 
the polar forward to the current rectifying characteristic of 
the photoconductor. 

Light with a li^t intensity sufficient to provide a voltage 
sufficient to cause phase transition from the antiferroelectric 
phase to the ferroelectric phase in the period in which die 

25 voltage is ^lied to die polarity reverse to die current 
rectifying characteristic of die photoconductor is irradiated 
to die photoconductor of the spatial light modulator. 

A polarizing plate is placed so that die liquid crystal 
orientation state to apply minimum reflection li^t intensity 

30 is die antiferroelectric phase when the Iineariy polarized 
light from the polarizing plate which is polarized to a certain 
direction is irradiated and incident on the liquid crystal layer 
of the spatial Ug^t modulator and the refleaed light fr^m the 
spatial light modulator is read via the polarizing plate 

35 located to orient the reflected light orthogonal to the poiar- 
izing plate. 

Birther, the process of obtaining dynamic pictures in 
half-tone dis{day by the spatial light modulator with lig^t 
writing method con^rising a photoconductor having a cur- 

40 rent rectifying function and a liquid crystal layer having the 
antiferroelectric phase located between a pair of tran^arent 
electrodes in the following dirce princqiies <^ the lig^t 
modulation, namely, the half-done display principle and the 
dynamic picture display principle. 

45 (1) Lig^t Modulation Principle 

FIG. 3 illustrates an example of the light intensity change 
of die modulated li^t output from the liquid crystal layer 
linearly polarized when passing through with respea to die 
voltage affiled to the antiferroelectric liquid crystal layer. 

50 The ou^Hit light has hysteresis with respect to the applied 
voltage. In the example of RG. 3< die phase of the liquid 
crystal is the antiferroelectric phase in the low voltage 
between 0 V and 17 V but b die high voltage region above 
the threshold value (V^ (H)) of 17 Y die phase changes to 

55 the ferroelectric phase. Then as the voltage lowers, the phase 
transition from the ferroelectric phase to the antiferroelectric 
phase occurs at the lower threshold value (W^ (L)) of 6 V. 
The transition occurs as well when the polar of the s^iplied 
vdtage is reversed. 

60 Herein die polarizer and die analyzer are located orthogo- 
nally so that the nodnimum ou^t light is provided in die 
state of the antiferroelectric phase. Namely, black display is 
provided in the antif em>electric phase when a low v<^tage is 
applied and white display is {^vided in the ferroelectric 

65 p^ase when a high voltage is applied. Since in the antifer- 
roelectric phase, each nholecule in the layer is located to 
offset the spontaneous poiarizadon. it provides a stable 
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(H-jentatioD with respect to the change of electric charge in phase state of the liquid crystal will be discussed. The 

the vicinity of the polar. Therefore by using the antifeno- threshold value depends on the mixing ratio of the mixed 

electric phase to the black display, a display with a high phase. Namely, the increase of the antiferroelectric phase 

contrast can be obtained. Since ttic change of the output light ratio causes the Increase of (H). Therefore, a smooth 

becomes symmetrical with respect to the polarity of the 5 rising diaracteristic with respect to the Ught irradiation can 

applied voltage, the display stable to the three directions, in be adiieved. 

the three regions of b'-a-b. c-d and c'-d' in FIG. 3 can be (3) Dynamic Picture Display Principle 

obtained. The case when a li^t infoimation input to the spatial light 

To the antiferroelectric liquid crystal, the voltage lUus- modulator is a dynamic picture displayed by a television 
trated in FIG. 4 is applied for driving. One cycle comprises 10 signal of 16.7 msec per one picture and is to be written to the 
the first period in which a voltage greater dian the threshold device will be discussed As illustrated in FIG. 9(a). when 
value (H) is applied to cause phase transition from the one cyde of die applied voltage is 1 msec, light-writing in 
antifeiroclectric phase to the ferroelectric phase and the the first period and erasure in the second period are alter- 
second period in which the voltage smaller than the thresh- nately repeated for approximately 17 times for one picture, 
old value (L) is applied to cause the phase transition I5 For example, when a picture is written by a cathode ray tube, 
from the foToelectric phase to the antiferroelectric phase. As the time change in a point of the picture is as illustrated in 
die hysteresis diaracteristic indicates, in the first period FIG. 9ib) dq>ending on the emission characteristic of the 
display indicates white and in the second period display. fluorescent substance, but the output light of the spatial light 
indicates black. Consequently, white display and black dis- modulator will be as illustrated in FIG. 9{c) reproducing the 
play generate alt^ately acoMrding to the change of the 20 emmission from the fluorescent substance, 
volt^e value as illustrated in FIG. 5. 

The output obtained by irradiating light to a jAotocon- BRIEF DESCRIPTION OF THE DRAWINGS 

ductor of the device having laminated structure of a photo- ^ - a- - r 

... J , ™^ . ^ ™^ * . . FIG. 1 IS a diagrammic section view of one embodiment 
conductor 105 illustrated in FIG. 1 and FIG. 2 and the ^ ; . , !^ , ^. wuwuuuwii 
. ^ ^.x I ^ i' 'A »ii «ot. of the spatial light modulator (rf the present invention, 
above-mentioned antiferrodectnc uquid crystal layer 118 by 25 ^ 
flying a driving voltage as illustrated in FIG. 4 will be ^ ^ * diagrammic secUon view of another embodi- 
explained hereinafter. In the first voltage apjriying period, ^ *^ ^P^^ modulator of the present invention, 
voltage is applied in the reverse direction with respect to the 3 illustrates the hysteresis characteristic of the reflec- 
cuirent rectifying characteristic. In this case the spatial light tion ratio of an antif€nx>electric liquid crystal with respect to 
modulator of the FIG. 1 becomes an equivalent circuit of 30 the applied voltage of the present invention. 
FIG. 6. An qjplied voltage higher than V^^ (H) will be FIG. 4 illustrates the reflection characteristic of an anti- 
divided into a voltage to be applied to the (^otoconductor faroclectric liquid crystal with respect to the asymmetri- 
and a voltage \y to be applied to the antiferrodectnc liquid caUy applied pidse voltage of the present invention, 
crystal layer. Electric charge generated by li^t irradiation piG. 5 illustrates the time change of the asymmetrically 
causes the flow of (he U^t current ^fc. resulting in reducing 35 appUed pulse voltage and the reflection ratio of the antifer- 

and increasing V, In the second voltage applying period, roelectric liquid crystal of the present invention, 

as illustrated in the current rectifying characteristic of FIG. r^n c - j- * *u • i * • •* * 

- , „ * * 1- I.* • J- ^- I^G. 6 IS a diagram of the equivalent circuit of one 

7, a large current with respect to the bgbt irradiation is u j- * * *• i i- j i * £ ^ 

™ 4. J * • ^ wTwr^ o -11 _ ^ I- embodiment of the spatial light modulator of the present 

generated to increase \y FIG. 8 illustrates the change (rf invention 
and the ou^t light when light intensity is changed with a 40 

steady light irradiation. With no light irradiation Illustrated "i"strates the current rectifying diaracteristic of an 

in FIG. 8(fl). in the first voltoge applying period, V^becomes f-S^-H photooonductor of one embodiment of the present 

less than (H) maintaining the antiferroelectric phase to invention. 

always display blaclc. With light irradiation illustrated in FIGS. 8(a)-8(J) illustrate the time dtange of the voltage 

FIGS. 8(6). 8(c). 8(J). in the first voltage applying period. 45 applied to the liquid crystal layer and the reflection ratio of 

dectric charge generated in the photoconductor increases by ^le embodiment of the present invention, 

the light absorption accompanying the increase of And FIGS. 9(fl)-9(c) illustrate the light writing mdhod for the 

when Vy exceeds (H). the liquid crystal changes (he dynamic picture display of one embodiment of the present 

phase to display white in the ferroelectric phase. In the invention. 

second voltage applying period, is over (L) with 50 piG. IQ illustrates the production process of the spatial 

respect to the light irradiation intensity to change the phase light modulator of one embodiment <rf the present invention. 

ofAe Uquid crystal to the antiferroelectric phase to display lUayim illustrate the time response diameter- 

(2) Half Tone Display Prindple ^ ""[^^ ^f^'^^TjT*''''' ^! ^"^"'^ " 

In the first voltage applying period, timing of the phase 55 "^"^ fS^^ 

transition depends onX li^tktensity of the irraC ernbodiment of die present invenUon. 

light Namely, as the light irradiation is intensified, Vj. ^ ^ iUustrates the change of the output light defined 

reaches and exceeds the threshold value (H) faster to average of the reflected Ught intensity with 

start the phase transition of the liquid crystal. When the unit respect to the writing light intensity of one embodiment of 

cyde of driving is set to be a short time widi respect to the 60 the present invention. 

intensity diange of the light irradiation, the time average of FIG. 13 illustrates the system of a projection television set 

the first period of white display and the second period oi conf>fising a spatial light modulator of one embodiment of 

black display will be displayed. Therefore the output light the present invention, 

intensifies with respect to the time average according to the t.«tt^ ^^^^•^^^^-^^ 

i.radiatedUghtint«^tyincrease.Bytlusft.nctioaabSf-tane « BRIEF DESCRimON OF THE INVEOTION 

display is enabled. A liquid crystal having a mixed i^ase of The present invention will be further illustrated with 

the antifeiroclectric phase and the ferroelectric phase as a reference to the acccMnpanying concrete examples. 
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Embodiments of a spatial light modulator comprisiBg a 
I^otoooaductor with a cunenC recdiying function and a 
liquid crystal layer having tht antifetroelectiic phase as a 
phase placed between a pair of transparent electrodes are 
illustrated in FIG. 1 and FIG. 2. 

FIG. 1 illustrates an embodiment of the structure having 
a plurality of small pixel reflecting films (metal thin film) 
lOS electrically isolated from each other between the pho- 
toconductor 105 and the liquid crystal layer 118. Examples 
of thephotoconductor having current rectifying function 105 
include amorphous silicon containing hydrogen (hereinafter 
abbreviated a-Si:H). The thickness of the photoconductor 
105 is preferably ftxjm 0.2 to 10 pm. An i-t)5pe a-Si:H layer 
(photoconductor) 105 and an n-type a-Si:H layer 106 are 
further formed between the p-type a-Si:H layer 104 and the 
liquid crystal layer 118 to f<Mm a diode structure with a 
three-consecutive layer of a p-typc a-$i:H layer 104, an 
i-typc a-Si:H layer 105 and an n-type a-Si:H layer 106. 

The photoconductor 105 is divided into pixels. Metal diin 
films 108 serve as reflection films together wilfa pixel 
electrodes 107 to reflect the reading light An inter-pixel 
portion comprises a groove structure having a metal thin 
film as an output blocking film (metal thin Sm) 109 at the 
bottom aad filled with the polymethyl mcthacrylate 
(PMMA) film including 30 weight % of dispersed carbon 
Uack 110. The groove structure prevents the diflusion of the 
electric charge between the pixels and the faulty operation 
caused by the leakage of the reading Ught irradiated to the 
pixels into the photoconductor. Underneath the photocon- 
ductor 105 ate input blocking films 103 to allot the input 
light to the pixels. The liquid crystal layer 118 is sandp 
witched between polymer films treated with rubbing method 
to have the orientation to the same direction to orient the 
antifeiroelectric liquid crystal 111. 113. Since it is reflection 
mode, the optimum thickness of the liquid crystal layer 118 
is the half of the optical path lengdi when flte maximum 
modulation rate is obtained with respect to the refractive 
index of the Uquid crystal By providing spacers 112 having 
the particle size of the same length as the optinuun film^ 
thickness, the liquid crystal film thickness is secured. As the 
spacer 112. a material such as silicon oxide can be used. Hie 
average diam^er of the spacer 112. that is. of the liquid 
crystal film ^ckness. is preferably from 0.5 to 8 ^m. 

A voltage 116 as illustrated in FIG. 4 was applied to the 
transparent conductor films (transparent electrodes) 102. 114 
formed on the surface of transparent insulating substrates 
101. 115 respectively in tbe plane toward the liquid crystal 
layer 118 to drive the device 117. 

Examples of the pbotoconduct(V layer material include; 
compound semiconductors such as CdS. CdTe. CdSe. ZaS, 
ZnSe. GaAs. GaN, GaP. GaAlAs, InP; amorphous semicon- 
ductors such as Se. SeTe, AsSe; polyctystalline or amor- 
phous semiconductors sudi as Si Ge. Sii.;^ , Sii_jr, Ge^^ 
^i-jrCjr (0<X<1); and organic semiconduct(H:s such as (1) 
phthalocyanine pigments (hereinafter abbreviated Pc) such 
as nonmetallic Pc. XPt (X=Cu, Nl Co, TIO, Mg. Si(OH)2, 
«c.), AlOPcCL TiOOPcCL InClPcCl IndPc, InBrPcBr. 
(2) azo coloring matters such as mono azo coloring matters 
and dis azo coloring matters. (3) petylcnc pigments such as 
pcrylenic acid anhydride and pcrylenic imide. (4) indigoid 
dyes. (S) quioaGridone pigments. (6) polycyclic quinones 
such as andu^quinone and pyrene-quinone. (7) cyanin col- 
oring matters, (8) xanthene dyes. (9) charge-transfer com- 
plexes sudi as PVKATNF, (10) eutectic complexes fcHmed 
firom a pyrylium salt dye and a polycarbonate resin« (11) 
azulenium salt compound. 

In tbe case when the amorphous semiconductor such as 
anoorphous Si (hereinafter abbreviated a-Si). amorphous Ge 
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(hereinafter abbreviated a-Ge). amorphous Si|_;^;f 
(hereinafter abbreviated a-Si^.j^j^). amorphous Sij^^Gcx 
(hereinalter abbreviated a-Sii_xGex)» amorphous Gci.j^Cx 
(hereinafter abbreviated a-<jCi_;^;^) is used for the photo- 

5 conductor layer 104. it is preferable to contain hydrogen or 
a halogen element in the amorphous semiconductor. It is also 
preferable to contain oxygen or nitrogen in the anv>rphous 
semiconductor in order to lower the dielectric constant and 
increase the resistance of the photoconductor layer. It is 

10 furth^ preferable to dope the amorphous semiconductor 
with p-type impurities sudi as B. Al. Ga or n>type impurities 
such as E As. Sb in order to control the resistance. By 
laminating such anK>xphous materials doped with impurities, 
a p/n. p/l i/n or p/i/n junction is foamed. By fanning a 

15 dqrfetion layer in the photoconductor layer, the dielectric 
constant dark resistance wad the polarity of the operating 
voltage can be controlled. Alternatively, a depletion layer 
can be formed not only with a junction comprising amor- 
phous material but also with a heteio-junction by larninating 

20 layers of two or more kinds selected firom the above- 
mrationed semiconductor materials. 

FIG. 2 is an embodiment of a structure comprising 
multi-layered thin films of different dielectric consunts 202 
located between the photoconductor layer and the Uquid 

25 crystal layer. The dielectric multi-layer 202 is designed to 
reflect the visible tight in the reading light If a scant light is 
leaked from the reading light to pass through the dielectric 
multi-layer film 202. the light is absorbed by the blocking 
film 201 so as not to be incident on the photoconductor 105. 

^ Concrete examples will be described hereinafter. 

EXAMKi 1 

The spatial light modulate iUustratcd in FIG. 1 was 
produced by the processes described in FIG. 10. 

35 (1) Gn the surface of a glass substrate 101 having a size of 
55 nmix6S mmxl.l mm treated by optical polishing, an 
indiumrtin oxide alloy film (hereinafter abbreviated TTO) of 
100 nm thickness was formed by sputtering as the transpar- 
ent conductor fiUn 102. 

40 (2) On the surface of the rrO transparent conductor film 102, 
a film of chromium (hereinafter abbreviated Cr) having 200 
nm thi<^ess was fonned by electron-beam deposition, then 
input light blocking films 103 having 3.0 )}m wid^ were 
tonoed by a conunon photoUthogr^y method. (3) Then 

43 three layers, namely, a p-type a-Si:H layer 104 having 50 nm 
thickness doped with 100 ppm of bo^n. an i-type a-Si:H 
layer (photoconductor) 105 having 1.7 ^m ttiickncss without 
an impurity and a n-type a-Si:H layer 106 having 300 nm 
thickness doped with 1000 ppm of phosphorus were lami- 

50 nated successively by plasma CVD (chemical vapor 
deposition) to form a photoconductor with a diode structure. 

(4) Cx film was deposited on the overall surface by 200 nm 
thickness and then 2000x2000 (total 4 million) apertures 
each having a size of 23.5 ^mx23.5 (im and two- 

55 dimenttonaUy arranged at a pitch of 25 were formed by 
lithogn^y. thereby forming Cr thin films 107 at the aper- 
tures. Each Or thin film 107 corresponded to a pixel 
respectively. The effective region of a Cr fliin film is 50 
mmx50 mm. Input light blocking films 103 were designed 

60 to be located at an inter-pixel portion between Cr pixels 107. 
The thickness of the Cr film herein was determined in the 
range of 20 to 500 nm. 

(5) After etching tbe a-Si:H layer 0.5 jun in the vertical 
direction using the Cr pixels as etching masks by reactive 

65 ion etching, the layer was further etdied 0.1 pm in the 
horizontal direction by the chemical dry etching using a CF4 
and oxygen gas mixture which enables isotropical etching to 
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form a groove having flaws between the Cr pixels. By It shows the half-tone display with the writing light intensity 

removing the n-type a-Si:H layer at least in the portion from 0 to 0.8 mW/craj controlling the reflection ratio from 

between pbcels as the groove, electric charge leakage 0% to 80%. 

between adjacent pixels can be prevented. The groove Because the maximum ^plied voltage at the light writing 

structure can be formed solely by etching depending on 5 is 20V and the time necessary for the phase transition at this 

etching conditions. electric field strength is 0.3 msec, the maximum reflection 

(6) Aluminum film (hereinafter abbreviated Al) was dqws- ratio becomes 80%. In the duration of 1.1 msec, the phase 
itcd on the overall surface in ttic range of 20 to 300 nm transition time is disadvantageous for the white display. A 
thickness by electron beam deposition. The Al film formed maximum contrast ratio of 200 or over was secured 

on the Cr pixel 108 serves as the reflection layer having a lO With Has spatial light modulator 117, a projection tclcvi- 

high reflectance. And the Al film formed at the bottom of the sion system was designed. A schematic view of the system 

groove 109 serves as the input light blocking film which is illustrated in FIG. 13. To input a television dynamic 

prevents the reading light from being incident to the pho- picture with frame frequency of 60 Hz as the light 

toconductor from the inter-pixel portions. infoimation, the light from a cathode ray tube with a 

It is also possible to form a Cr film of 150 nm thickness 15 diagonal size of 7 indies 301 (hereinafter abbreviated CRT) 

and an Al film of 150 nm thickness consecutively so that the was concentrated via lens 302 to the effective region of 5 

Al film as the output light blocking film 109 prevents the cmxS cm size of ftie spatial light modulator 117. As the 

diffusion of the light into the a-Si:H layer underneath. fluorescent substance of the CRT. a green fluorescent sub- 

(7) A high molecular film having dispersed carbon particles stance PI which coincides with a sensitive wavelength of the 
was coated by 2 Mm thickness. In this process, the groove 20 a-Si:H layer having an afterglow time of approximately 10 
part was filled witfi the high molecular film and at the same msec was chosen. A metal haiide lamp 303 of 250 W. having 
time the surface of the pixel was covered as well. By tiie luminous efficacy of 70 Im/W was used as the reading light 
reactive ion etching with oxygen, the high molecular film source and set to be even and with a high luminance with 
was removed evenly from tfie surface until the Al film on the respect to the spatial light modulate 117 by means of the 
pixel was surfaced As a consequence, only the groove 25 capacitor lens 304. After irradiating a reading light which 
portion in the inter-pixel portions was filled with the high was Unearly polarized by the polarizing beam splitter 305 to 
iBolecular film 110. By absorbing the incident li^t in flie the spatial light modulator 117 to be modulated, the modu- 
inter-pbtel portions, this pardon prevents the reading light lated reflected light was magnified with the projection lens 
from being incident to the a-Si:H layer whidi is not covered 306 and image was farmed on the screen 307. A magnified 
with a light blocking film. Further, the high molecular film 30 picture of diagonal 70 indi size was dt^laycd on die scrccn. 
in the intcr-pixcl portions provides black matrix in display to A green dichroic filter was located just behind a light source 
lower the reflection light from inter-pixel portions and 303 with an infrared ray cut filter and an ultraviolet ray cut 
always display in black. filter. The polarized beam splitter 30S having characteristic 

(8) Apolyimide fihn 111 having 50 nm thickness was formed to match green color was used. A luminous flux of 250 Im 
as the <Mientation film. Similarly, onto the glass substrate 115 35 reached on die screen 307 providing the light utilization 
with no 114 which serves as the opposing substrate, efficacy of llm/W. The contrast ratio on the screen exceeded 
polyimide film 113 having 50 nm thickness was formed. 100:1. The indicated dynamic picture had a good half-tone 
Then rubbing treatment was applied to the both substrates by display vwthout afterimage. 

rolling wifli a roller covered with a special nylon cloth. The A projection system having a liquid crystal device by thin 

rubbing was applied to the same direction on the both 40 film transistor drive instead of CRT 301 was produced as the 

substrates. Then onto one substrate, spacers 112 conning means for Ught writing. Since the numeral aperture of the 

silicon oxide having 1.5 jim particle size were sj^inkled to liquid crystal device is 30%. the lummance on the screen 

secure the thickness of the liquid crystal filnL On the was hindered compared to the COT writing, but the system 

perimeter of the other substrate, sealing resin was screen was downsized, 

printed to adhere die substrates to form liquid crystal oelL 4S 

(9) After placed in a vacuum apparatus to reduce the EXAMPLE 2 

pressure, the liquid ciystal cell was heated at 120^ C. and The spatial light modulator 203 illustrated in FIG. 2 was 

then an antifeiroclectric liquid crystal "CS-4000** produced produced in the processes described hereinafter. On the 

by CHISSO CORPORATION was injected into the cell by surface of glass substrate the same as the Exany)le 1 having 

capillarity. 50 a size of 55 imiix65 mmxl.l nun treated by optical 

FIG. 11 illustrates the relationship between the writing polishing, an no transparent conductor film 102 of 100 nm 

light intensity of the spatial light modulator 117 irradiated to thickness was formed by sputtering as the transparent con- 

the light conductor and die time response characterisdc of ductor film Then three layers, namely, a p-iype a-SiiH layer 

the reflected light. Driving was conducted by applying a 104 having 50 nm thickness doped with 100 ppm of bcron, 

forward bias voluge of -t-lO V for 0.1 msec for erasure in the 55 an i-typc a-Si:H layer 105 having 1.7 pm thickness widiout 

second applying time and the reverse bias voltage of -20 V an impurity and a n-type a-Si:H layer 106 doped widi 1000 

for 1. 1 msec for writing In the first flying time. Therefore ppm of phosphorus were laminated successively by plasma 

the driving frequency was 833 Hz. CVD to form a photoconductor with a diode structure. 

When the polarization orientation of the polarizer is set to Then CdSe layer having 500 mu thickness was foimed 
be the same as the nibbing orientation, Wack display is 6o tho-con as the light blocking layer 201 by deposition. The 
indicated in the antifcirodcctric phase. When die writing CdSc layer absorbs visible light Then a conductor multi- 
light intensity is changed firom 0 to 0.8 mW/cm^, the layer fihn 202 con^Mising a titanium oxide layer and a 
reflected light intensity increased as the writing ligjit inten- silicon oxide layer was formed by sputtering. The reflected 
fiity increases. spectrum had a reflection ratio of more than 99.9% with 

FIG. 12 iUustrates the change of the ou^t Ught with 65 respect to a wavelength including green. A polyimide film 

respect to die writing light intensity when the ouQ)ut Ught is having 50 nm fliickness was fommed as the orientation film 

defined by die time average of the reflected Ught mtensity. Ill on die conducts fihn the same as die Example 1. 
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By the same procedure as the Exaix^)le 1 . a liquid crystal 
cell was formed to provide a spatial lig^t modulator 293 
haviog an antifeiroelectric liquid crystal. 

By setting the spatial light modulator device in a projec- 
tion television system used in the Exan:q>le 1 to ouqput a 
dynamic picture. 

A luminous flux of 250 Im reached to the screen to have 
the light utilization efficacy of 1 Im/W. The contrast ratio on 
the screen exceeded 100:1. 

As heretofore mentioned, a spatial l^t modulator com- 
prising a photoconductor and a liquid crystal layer of the 
(B-esent invention enables the reproduction of a Ug^t-input 
dynamic picture with a half-tone display having a wide 
viewing angle and high-q>eed response. Further, a stable and 
reliable device can be provided. A projection television set 
for li^t Avriting comprising the device of the present inven- 
tion provides an image having a high luminance, a high 
resolution and high contrast ratio in a large image plane. 

We claim: 

1. A spatial light modulator con^insing: 

a photoconductor having current rectifying function; 
a liquid crystal layer having an antifenoelectric phase as 

a phase of the liquid crystal; 
a conductOET reflection layer comprising a multilayer of 

thin films having different conductivities located 

between said photoconductor and said liquid crystal 

layer and 
a pair of transparent electrodes, 
wherein said photoconductor and said liquid crystal layer 

are located between said transparent electrodes. 

2. The spatial light modulator accofding to claim 1. 
further comprising a plurality oi small metal thin films, 
electrically isolated from each other, between said photo- 
conductor and said liquid crystal layer. 

3. The spatial liglit modulator according to claim 2. 
wherein said (^otoconductor comprises a groove port in the 
portion not having said small metal thin films thereon, and 
a second metal thin film is formed at the bottom of said 
groove part 

4. The spatial lig^t modulator according to claim 3. 
wherein an insulating film is disposed under said second 
small metal thin film at bottom cf said groove part 

5. The spatial lig^t modulator according to claim Z 
wherein said groove part located between the small metal 
thin films of the photoconductor has a flaw part at which said 
m^ thin films ^xoject toward inter-pixel portions. 

6. The spatial ligfit moduhitor according to daim 1. 
wherein a polarizer and an analyzer are located orthogonally. 

7. The spatial light modulator according to claim 1. 
wherein the photoconductor having a current rectifying 
function is a layer com|Hising amorphous silicon (a-Si:H). 

S. The spatial light modulator according to claim 7. 
wherein the layer of amorphous silicon (a-Si:H) is a layer of 
i-type a-Si:H doped with boron, 

9, A spatial light modulator comprising: 

a photoconductor having current rectifying function; 

a liquid crystal layer having an antiferroelectric phase as 
a pb&se of the liquid crystal; and 

a pair of transparent electrodes. 

wherein said photoconductor and said liquid crystal layer 
arc located between said transparent electrodes. 

wherdn said liquid crystal layer having die antiferroelec- 
tric phase as a phase of the liquid crystal is in the 
antifcrTOclcctric phase when a voltage is lower than a 
higher threshold value as the voltage gradually 
increases; 
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die phase of said liquid crystal changes from the antifer- 
roelectric phase to the ferroelectric phase due to phase 
transition when the voltage becomes higher dian the 
higher threshold value of the applied voltage as the 

s voltage gradually inoreascs; 

the phase of said liquid crystal changes from the ferro- 
electric {^se to the antiferroelectric phase due to phase 
transition when the voltage becomes lower than a lower 
threshold value as the voltage gradually deaeases; and 

10 said phase transition occurs similarly when the voltage is 
applied with a reversed polarity, 
wherein a white display is shown in a first period, in 
which the voltage is greater than the higher threshold 
value to cause the phase transition from the antiferro- 

1 s electric phase to the f enoelectric phase, a black display 
is shown in a second period, in which the v<dtage less 
than the lower threshold value to cause the phase 
transition from the ferroelectric phase to the antiferro- 
electric ftose. 

20 10. The spatial light mo<balator according to claim Z 
wherein the voltage is controlled by light irradiation. 

11. The spatial light modulator according to claim 10, 
further conyirising a llg^ input means with a Light intensity 
sufficient to provide a voltage sufficient to cause the phase 

25 transition from the antiferroelectric j^asc to the ferroelectric 
phase in the period in which the voltage is applied to the 
polarity reverse to ifac current rectifying characteristic of the 
photoconductor \^en light is irradiated to said photocon- 
ductor of said spatial light modulator. 

30 12. A liquid crystal display device comprising a spatial 
light iiK>dulator which has a photoconductor having a cur- 
rent rectifying function, a liquid crystal layer having an 
antiferroelectric phase as a phase of the liquid crystal placed 
between a pair of lranq>arent electrodes, a display device to 

35 input lig^t to the photoconductor and a power source to 
apply driving voltage to the spatial light inodulator. and 
a conductor reflection layer con^nsing a multilayer of 
thin films having different conductivities between said 
j^otoconductor and said liquid crystal layer, 

40 13^ The liquid crystal display device according to claim 
12, comprisii^ a means to input light so that a frequency of 
the driving voltage of the ^>atiai light modulator becomes 
greater than a dispUy frequency of the disfday. 

14. The liquid crystal display device according to claim 
43 12. wherein the dispday device to input light is at least one 

selected from die group consisting of a liquid crystal display 
device with thin fihn transistCH' drive and a calhodray tube 
display device. 

15. The liquid crystal display device according to claim 
so 12. wherein the liquid crystal orientation state to apply 

mini mum reflection light intensity is the antiferroelectric 
phase when the linearly polarized lig^t from a polarizing 
plate which is polarized in a certain direction is irradiated 
and incident on the liquid crystal layer of the spaJdsi light 
55 modulator, and the reflected light from the spatial light 
modulator Is read via the polarizing plate located to orient 
the reflected light oftbogonal to the polarizing plate. 

16. The liquid crystal display device according to claim 
12. further comprising a means to dis{^y area gradation by 

60 Inaeasing the ratio of die ferroelectric phase in the mixed 
l^ase of the antiferroelectric phase and the ferroelectric 
phase as the light intensity of the light irradiation to the 
photoconductor of the sparial light modulator increases. 

17. The liquid crystal display device according to claim 
«5 12. further cosqirising means to form an image on the screen 

by irradiating a television dynamic picture from a cathode 
ray tube via a lens and Irradiated to the effective area of the 
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spatial light modulator, irradiating the light from the reading transition of the liquid crystal layer from the ferroclec- 

Ught source via a condenser lens to the polarizing beam trie phase to the antifciroelectric phase is applied to the 

sputter, irradiating the light lineariy polarized by the polar- polarity fcrward to the current rectifying characteristic 

izing beam spUtlcr to tiic spatial Ught modulator, and mag- of the photoconductor. 

nifyhig the modulated reflection Ught a via projection lens. 5 19. A liquid cry^ display device comprising a spatial 

18. A spatial Ught modulator comprising: modulator which has a photoconductor having a cur- 

. ^ ^ . , . 4L rent rectifying function, a Uquid crystal layer having an 

a photoconductor having current rectifying function. antiferroelectric phase as a phase of the Uquid crystal placed 

a Uquid crystal layer having an antifenoelectnc phase as tjetween a pair <rf transparent electrodes, a disi^ay device to 

a phase of the Uquid crystal; and ^j^p^^ ^ photoconductor and a power source to 

a pair of transparent electrodes, apply driving voltage to the spatial Ught modulate wherein 

wherein said photoconductor and said Uquid crystal layer a white display is shown in a first period, in which the 

are located between said transparent electrodes, voltage is greater than a first higher tfucshold value to cause 

wherein said Uquid oystal layer having die antifaroclcc- the phase transition from the antiferroelectric 0iasc to the 

trie phase as a phase of the Uquid crystal is in the 15 ferroelectric phase, a black display is shown in a second 

anUferroelcctric phase when a voltage is lower than a Period, in whidi the voltage is less than a second lower 

first higher threshold value; threshold value to cause the phase transition from the 

^ .... .J . u *u ferroelectric phase to the antiferroelectric phase, 

the phase of said Uquid ,^^f ^^^^^^^^^ 20. A UquM crystal display device con^rising a spatial 

roelectnc phase to the feiroelectnc pha^e due to ph^ nKxhSator which has a photoconduciTr haWng a cur- 

^siuon when die volUge becomes higher than toe 20 ^ ^ ^ 

first higher threshold value of the appUed voltage as the ^^^^^tric phase as a phase of the Uquid cry stal placed 

voltage graduaUy increases; ^^^^^ ^ ^ transparent electrodes, a display device to 

the phase of said Uquid crystal changes from the ferro- -^^^ photoconductw and a power source to 

electric phase to the antiferroelectric phase due to jAase ^^yy driving voltage to the spatial Ught modulator wherein 

transition when the voltage becomes lower than a the voltage appUed between the transparait electrodes has a 

second lower threshold value as the voltage graduaUy comprising a writing voltage period in whidi a 

decreases; and voltage sufficient to cause phase transition of the Uquid 

said phase transition occurs similariy when the voltage is crystal layer from the antiferroelectric phase to the ferro- 

appUed with a reversed polarity, and ^ electric phase Is appUed to the polarity reverse to the current 

wherein the voltage appUed between the transparcot eleo- rectifying characteristic of the photoconductor and an cras- 

trodes has a unit cycle comprising a writing voltage ing voltage period in which a voltage sufficient to cause 

period in which a voltage sufficient to cause phase phase transition of the Uquid crystal layer from the fcrro- 

transition of the Uquid crystal layer from the antifer- electric phase to the antifciroelectric phase is appUed to the 

roelectnc phase to die ferroelectric phase is appUed to 35 polarity forward to the current rectifying characteristic of the 

the polarity reverse to the cunrent rectifying character- photoconductor. 
istic of the photoconductor and an erasing voltage 

period in whidi a voltage sufficient to cause phase ***** 
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